A number of characteristics were determined with a new automated method for a partially purified ,-lactamase from Vibrio parahaemolyticus. The enzyme had a molecular weight of 28,000 by gel filtration, a pH optimum between 6.5 and 7.0, and a temperature optimum at 36°C. With penicillin G as the substrate, the Km value for the ,B-lactamase was 54.4 IAM. The ,B-lactamase was inhibited by cloxacillin but not by p-chloromercuribenzoate. The enzyme was similar but not identical to /8-lactamases from gram-negative, "nonhalophilic" organisms described by other workers. The microiodometric assay to measure /8-lactamase activity was automated with the use of a centrifugal analyzer that permitted 14 simultaneous determinations. Within-run precision was tested by putting the same reaction mixture in each well, and the coefficient of variation was only about 3%. Four extracts from different strains of halophilic vibrios were used to demonstrate that reaction rates were linear with enzyme concentration. The correlation coefficient of activity by the automated method with activity by the spectrophotometric method was 0.9721, demonstrating that the methods compared favorably with each other. The automated method greatly facilitated the characterization of the 16-lactamase.
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The resistance of the halophilic vibrios to the antibiotics commonly used in the treatment of some enteric and extraintestinal infections prompted us to determine whether /3-lactamase activity is present. Since most of the strains examined were shown to contain this enzyme (S. W. Joseph, R. M. DeBell, and W. Brown, in preparation), we proceeded with the partial characterization of a fl-lactamase from Vibrio parahaemolyticus.
Although a variety of methods to assay for ,i-lactamase activity has been described (12, 14, 19, 21) , the most widely used assay has been the iodometric procedure originally described by Perret (17) and later modified by Novick (16) . In this study, a new automated system has been developed in which a centrifugal analyzer, as described by Anderson (1) (20) . Reagents were prepared fresh in 0.1 M phosphate buffer (pH 5.9), and activity was determined spectrophotometrically at 620 nm. Except for studies in which substrates or substrate concentrations were varied and except for inhibitor studies, the substrate was 0.2 mM potassium penicillin G (Calbiochem, La Jolla, Calif.).
Other antibiotics used in iodometric assays were obtained from the Ames Co., Elkhart, Ind., and were also used at a 0.2 mM concentration. Inhibitor studies were performed at pH 7.0 with 0.4 mM potassium penicillin G. Both cloxacillin (Ames) and p-chloromercuribenzoate (Calbiochem) were tested at 1, 0.1, and 0.01 mM concentrations by the method of Datta and Richmond (9). Reactions were followed for 9 to 15 min, and readings were obtained at. 30-or 60-s intervals.
Instrumentation. Automated assays were performed with a Rotochem I centrifugal analyzer (American Instrument Co., Silver Spring, Md.). Manual assays were performed with a Beckman model DBGT spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif.) equipped with a jacketed cuvette chamber. The chamber was connected to a constant-temperature circulating bath, and temperature in a filled cuvette was adjusted to 30 ± 0.1°C by measurement with a temperature probe. Except for the temperature study, all assays were routinely performed at 30°C. During each trial, appropriate enzyme and substrate controls were included. When the centrifugal analyzer was employed, total reaction volume was 620 Al, which included 20 pl of the enzyme preparation. When the spectrophotometer was used, total reaction volume was 3.1 ml, and the reaction mixture was temperature equilibrated for 3 min before addition of 0.1 ml of the enzyme preparation.
Molecular weight determination. Molecular weight of the fl-lactamase from V. parahaemolyticus was estimated by column chromatography according to the method of Andrews (2, 3) . Five grams of Sephadex G-200 was allowed to swell in 0.01 M potassium phosphate buffer (pH 5.9) for 2 days at room temper-ANTIMICROB. AGENTS CHEMOTHER.
ature. A column (1.5 cm in diameter, 90 cm long) was prepared with a 128-ml bed volume and was eluted with 12 cm of hydrostatic pressure. A 2-ml sample of cell-free extract was applied, and 3-ml fractions were collected at a flow rate of approximately 0.2 ml/min. Fractions were assayed for protein by measuring absorbance at 280 nm and for /1-lactamase activity by using the centrifugal analyzer. After column calibration, Kay value of the ,B-lactamase was compared with K. values for ribonuclease A (molecular weight, 13,-700), chymotrypsinogen A (molecular weight, 25,000), ovalbumin (molecular weight, 45,000), and aldolase (molecular weight, 158,000). RESULTS
The operation of the centrifugal analyzer involves the use of a transfer disk that contains 14 sets of wells in which different reactions can be run simultaneously. The transfer disk, when loaded with reactants, is mounted in the analyzer and rotated at approximately 600 rpm. The reactants in each set of wells are centrifugally mixed and transferred into the respective cuvette chamber, where the reaction is followed spectrophotometrically for a predetermined period of time.
The first experiment determined precision within a single run. The results with an extract from V. parahaemolyticus 1242A1 showed that the correlation coefficient for the regression of absorbance versus time was greater than 0.99 for each reaction, indicating that each reaction was linear. The mean reaction rate was 0.0363 optical density units per min, with a range from 0.0341 to 0.0383 and a standard deviation of ±0.0011. The coefficient of variation indicated that about 3% variation could be expected within a single run. This experiment was repeated three times; variation ranged from 2.9% to 3.1%.
Four extracts from different strains of halophilic vibrios were each tested at a series of dilutions. The results established that the reaction rate was linear with respect to enzyme concentration (Fig. 1) . Also included in this experiment was V. parahaemolyticus 7721, which was negative for f8-lactamase activity by the qualitative assay of Fleming and Markowski (15th ICAAC, abstr. no. 387) and was susceptible to penicillin and ampicillin by the method of Bauer et al. (4) . When the extract of this organism was tested, however, some f8-lactamase activity was evident, although the level of activity was the lowest of the four strains tested.
The above results were correlated with similar sharp decline in activity on eith optimum. A temperature optimum was d using the standard assay procedu changing the temperature on ti analyzer for each run. The desires was set manually and was accura Only a few minutes was required tion. The temperature optimum ft mase preparation was about 36°C decline in activity as the temper creased to 400C (Fig. 4) . Figure 5 (6-9, 11, 15) . In these respects the enzyme idually tested from V. parahaemolyticus resembles most antrifugal ana-closely the enzyme fro,m Salmonella typhimuappeared as a rium (15) . The Km value (54.4 yM) for the /-the begi ing lactamase from V. parahaemolyticus is relatively high in comparison with values reported for other,B-lactamases, which range from 4.2 to 39 uM (6-9, 11, 15) . Although not conclusive, the effects ofp-chloromercuribenzoate and cloxacillin on the enzyme preparation, the activity for penicillin and ampicillin, and the lack of ,_ activity for cephaloridine and other antibiotics tested suggest that the /8-lactamase from V. parahaemolyticus is similar to the group II penicillinases described by Richmond et al. (18) . It is apparent that the /3-lactamase from V. parahaemolyticus is similar but not identical to /8-lactamases from other gram-negative organisms.
The centrifugal analyzer used for this characterization has found wide application for clinical analysis because of its relative simplicity, high throughput, and computerized data acqui-36 38 40 sition and reduction (1). Although Tiffany et al.
optimum for f- (22) hydrogenase, to date little application has been made of this technique in experimental work. This automated method for /3-lactamase assays was considered an improvement over a previously reported automated method (13) for the following reasons: (i) assays can be performed simultaneously rather than sequentially, and therefore 14 assays can be performed in the time required to do one assay; (ii) this system used only 20 pl per sample, whereas the previous system requires 0.4-ml samples; (iii) computer program capability enables data and statistical parameters to be obtained in a form ready for graphic analysis; (iv) experimental design can be changed quickly by simply loading the transfer disk with different reagents. Although certain experiments, such as the estimation of the temperature optimum, required repeated runs to accumulate the necessary data, most experiments could be performed in a few runs because many different reactions could be followed at one time. During a run, data were accumulated in the computer portion of the analyzer, which was programmed by means of a magnetic tape cartridge. The results were printed immediately after the run.
It was shown that, when identical reaction mixtures were placed in the transfer disk, the variation was about 3%. With all extracts tested, the rates of,B-lactamase activity were essentially linear with dilution. Xm values obtained by manual and automated methods differed by the same magnitude as Km values determined by different graphical formulas. Where identical experiments were performed by manual and automated methods, the data showed good correlation, indicating that the automated method was at least as sensitive and reliable as the manual method.
In conclusion, the use of the centrifugal analyzer was shown to be a reliable method to measure f-lactamase activity and was an effective technique for the partial characterization of a new ,-lactamase from V. parahaemolyticus. 
